Introduction
There are~40 species of deer distributed widely throughout the tropical, temperate and arctic regions of the world (Whitehead, 1972) . In most temperate-zone species, there is marked repro¬ ductive synchrony among females, but reproductive activity may occur throughout the year in tropical species, although most exhibit a peak period of births (Zuckerman, 1953; Lincoln, 1985) . Similarly, males of temperate-zone species have a synchronized antler cycle that is a reliable indicator of their seasonal testicular status (Bubenik, 1986) . Lincoln (1984) has summarized the mechanism involved in the control of antler growth, based on studies of red deer (Cervus elaphus). The increase in secretion of testosterone by the testes at puberty stimulates the initial development of the antler pedicles, and the subsequent cycle in the secretion of testosterone dictates the seasonal casting and regeneration of the antlers. High blood concentrations of testosterone in the autumn cause the calcification and death of the antler tissue; and withdrawal of testosterone in the spring, when the testes become fully regressed, allows the old antlers to be cast, and the wound on the surface of the pedicles triggers the regeneration of new antlers.
In the temperate-zone species studied, males are fertile only during the hard antler phase (Lincoln, 1985) and there is significant development of the testes before the rut, e.g. a 6-fold increase in weight in roe deer (Capreolus capreolus) (Bramley, 1970) , a 4-5-fold increase in red deer (Lincoln, 1971 ) and a nearly 3-fold increase in fallow deer (Dama dama) (Chapman & Chapman, 1970) . Associated with this testicular cycle are changes in the weight and activity of the male accessory glands (Lincoln, 1971;  Chapman & Chapman, 1979; Yamauchi et al., 1983) . In contrast, *Author for correspondence.
little is known about the breeding biology of tropical cervids; generally, reproduction is less seasonal and a post-partum oestrus is more common than in temperate-zone species (Sadleir, 1987 (Loudon & Curlewis, 1988) , but these annual cycles were not synchronized among stags and were not affected by photoperiodic cues. Loudon & Curlewis (1988) collected motile spermatozoa at all stages of the testis cycle by electroejaculation, but their histological evidence suggested that only limited spermatogenesis occurs at the nadir of the testis cycle. Consequently, collection of motile spermatozoa throughout the year may have reflected storage in the epididymis rather than continued spermatogenesis (Loudon & Curlewis, 1988) . For male Javan rusa deer (Cervus rusa timorensis), held under farming conditions in southern Australia, peak mean plasma testosterone concentrations occurred in May, whereas the major rutting period started at the end of July and extended to October (van Mourik et ai, 1986) . However, occasional births were recorded well out of the normal birth period.
Reeves' muntjac (Muntiacus reevesi) are native to China, where their range extends from the east coast and south China as far north as Qinghai Province and southern Jiangxi. Eastern Sichuan is probably the western limit, and they are also found on Taiwan (Ohtaishi & Gao, 1990 ). This gives the latitudinal range from just inside the Tropic of Cancer to~36°N. Feral Reeves' muntjac are now also established throughout much of southern England (Anderson & Cham, 1988 (Chapman & Chapman, 1982 (Chapman et al., 1984) , although, in a captive colony in Japan, birth peaks apparently occurred in May and December (Yoshihara & Miura, 1984 Although female muntjac appear to breed throughout the year, the sexual cycle of male muntjac has not been studied in detail. Chaplin (1973) stated that male muntjac are fertile throughout the year, although no data were presented to support this suggestion. In this paper, we examine the reproductive cycle of adult male muntjac, to determine whether and how they maintain year-round fertility.
Materials and Methods
Post-mortem material. From 1967 onwards, but mostly from 1980 to 1989, 190 adult male muntjac from southern England (latitudes 50°5O'-52°3O'N) were obtained as culled animals or road traffic victims. A male muntjac was considered to be adult after casting its first antlers; these are generally small and lack the coronets present on all subsequent antlers. Most animals were culled in winter and this was also the period of most road accidents; hence monthly sample sizes were not uniform and ranged from 6 (July) to 40 (February). Entire body weights were recorded when possible. The age of animals <2 years old was determined by tooth eruption (Chapman el al., 1985) . The approximate age of animals with full permanent dentition (>2 years) was estimated by comparing tooth wear with that of captive animals of known age and with a smaller number of tagged free-living animals for which approximate ages were known. Reproductive organs and accessory glands were fixed and stored in 10% formal saline. Because of damage incurred during collection, particularly in road traffic accidents, it was not always possible to collect every sample from each animal. After dissection, the weights of each testis, caput epididymidis, cauda epididymidis, vas deferens and bulbo-urethral gland were recorded, as were the weights of the paired ampullae and seminal vesicles. Since it was not possible to weigh the prostate tissue independently, the whole pelvic urethra was weighed.
Histology. Samples from selected animals for each month were dehydrated in ethanol and embedded in paraffin wax. Serial sections were cut at 4 µ and stained with Harris's haematoxylin and eosin. Measurements were by a single observer using a calibrated eyepiece from 25 (Corker & Davidson, 1978) . The sensitivity of the assay was 3-5 nmol/1 plasma, and the intra-and interassay coefficients of variation were < 15%. The antiserum used was sheep 505, which has very low cross-reactivity with other steroids (Webb el al., 1985) . Two 
Results

Testicular cycle
Although the mean testicular weight of bucks in velvet (7-10 + 016g, (Fig. la) , there was no significant corresponding difference in mean tubule diameter (Fig. la) , mean sperm abundance or percentage of animals with elongated spermatids (Fig. lb) (Fig. 2a) . Data are means ± s.e.m.
The sections of the caput epididymidis exhibited two distinct zones, of which one, the initial segment, had a tall but somewhat irregular epithelium and the lumen contained few spermatozoa. The other zone, part of the middle segment (Glover & Nicander, 1971) , always contained sperma¬ tozoa. This segment had a tall, pseudostratified epithelium with stereocilia. The height of this epithelium, excluding the stereocilia, was measured. The section of the cauda epididymidis showed two distinct zones. Measurements were made of the zone of larger tubules, many of which were rounded or kidney-shaped in cross-section and were almost always packed with spermatozoa. The tubule epithelium was cuboidal and much thinner than that lining the caput epididymidis. There was no seasonal variation in the mean epithelium height for either caput or cauda epididymidis (Chapman & Chapman, 1982) . Vertical lines indicate s.e.m.
( Fig. 2b) , although there was a reduction in the mean sperm abundance in both caput and cauda epididymides during the period in velvet (Fig. 2c) .
Accessory glands
In common with other cervids that have been examined, Reeves' muntjac had accessory glands comprising ampullae, seminal vesicles and prostate glands, but in addition there was a large pair of bulbo-urethral glands (Fig. 3) . These have been recorded in Indian muntjac (Muntiacus muntjak) and reindeer (Rangifer tarandus) by Oudemans (1892) and in black-tailed deer (Odocoileus hemionus columbianus) by West & Nordan (1976) . They were described in Reeves' muntjac under the name of paraurethral glands by Dansie & Williams (1973) .
For the ampullae, the weight for bucks in velvet (0-58 + 004g, (Fig. 4a) , seminal vesicles (2-50 ± 0-17g, «=16, and 312±013g, «=104) and the pelvic urethra (2-02 ± 007 g, «=16, and (Fig. 4b) . There was no significant monthly variation in the epithelium height of the ampullae and seminal vesicles, or in sperm abundance in the ampullae (Fig. 4c) .
Plasma testosterone concentrations
Mean plasma testosterone concentrations were 11-4 + 2-0nmol/l for bucks in velvet or <30 days before casting (« = 16) and 161 ± 2-4nmol/l for bucks in hard antler >30 days before casting (« = 10) (t = 1-50, > 01).
Effects of castration
Of the two adult bucks, one was castrated in October and its antlers were cast after 25 and 29 days. The other buck was castrated in January and cast after 58 and 88 days. All castings were outside the normal season. New antler growth occurred in both animals, but the velvet was not cleaned. Pedicle development was arrested in the young buck castrated before puberty. In the young male castrated while its antlers were in velvet, no subsequent cleaning occurred. The third young male, castrated just after it cast its first antlers, grew a second set of antlers, but no sub¬ sequent cleaning occurred. With the exception of the prepubertal buck, all castrated bucks grew velvet antlers. One animal was observed for 8, one for 12 and two for 14 months, but none showed signs of developing perruque heads.
Discussion
In cervids, the antler cycle is associated with pronounced changes in testicular size and androgen secretion. Seasonal changes in the activity of accessory glands, many scent glands and other secondary sexual characteristics, such as increases in neck circumference and growth of the neck mane, have been described for some temperate species of deer (e.g. Lincoln, 1971 ; Schnare & (Chapman & Chapman, 1982) , although there is no marked seasonal variation in body size, neck circumference (N. G. Chapman, unpublished data) or testis size (present study). Although there is a 23% reduction in mean testis size of bucks in velvet, Lincoln (1985) suggested that in cervids a decline in testis weight of >75% of the seasonal maximum is usually associated with complete arrest in spermatogenesis. In Dansie (1983) gives two examples of captive fawns being sired by bucks in velvet, and Yoshihara & Miura (1984) , observing a captive colony in Japan, estimated that~30% of 172 fawns were sired by bucks in velvet.
In temperate-zone deer species, antler casting is associated with declining testosterone secretion, and cleaning of the velvet with increasing concentrations of testosterone secretion (Lincoln, 1984 
